The technology of concrete has significantly increased in recent years through the use of superplasticizer and availability of mineral additions. One of the most recent materials used as an additive, replacing a portion of cement in concrete, is fine clay fired at a temperature of 800˚C to 900˚C. This research is based on trials that complied with artificial pozzolan (waste crushed brick), and their effect on the rheological and mechanical behavior of mortar. The addition of 5% of a waste crushed brick has helped not only to improve the strength (tensile and compression), but also to foster a better rheological behavior in terms of fluidity and stability, with a low heat of hydration compared to control. However, tests of optimizing the content of self-compacting concrete (SCC) in coarse aggregates, sand and binder, led us to confirm that the combined mass of more optimal (better workability and stability) is that based on low in volumetric percentage of sand/paste with a granular skeleton richest gravel low dimensions (2/3 of G 3/8 and 1/3 of G 8/15).
Introduction
Currently, the use of treated clays, particularly that are rich in SiO 2 and Al 2 O 3 , is a new development in concrete technology. Many activities have been done are related to the use of clay minerals such as kaolinite, and other mixtures of clay minerals that have pozzolic activity which promote sustainable development of mechanical performance of grout, mortar or concrete with cement [1, 2] .
In Algeria, kaolinitic clay are mainly used for the manufacture of building materials (bricks, tiles, sanitary) as well as for the manufacture of many articles of pottery.
In general, bricks made in kilns at 800˚C contain a fairly high content of Kaolinite. Chinje Melo and all [3] have worked on three samples of tiles and bricks produced in Cameroon, they found that substitution of portion of cement type CEM I 42.5 in mortars by ground waste bricks and tiles to a diameter less than 100 µm gave pouzzolanic activity index which vary from 77% to 96% and 67% to 84% respectively for 10% and 20% of substitution.
The role of the paste (cement + water + air occluded + additives) is to remove the agglomeration of aggregates, and to reduce friction that causes the limitation towards the flowability of concrete and the ability to fill the moulds [4] .
The development of self compacting concrete requires a large volume of paste (≈330 to 400 l/m 3 ) in order to satisfy the stability of concrete [4] . Using a high content of cement in concrete may cause a significant shrinkage (result of a high heat of hydration) [5, 6] , which affects the durability of concrete structures. Hence it is strongly recommended to add more of a mineral additive to meet the rheological and mechanical requirements of SCC. Furthermore the uses of additives help to reduce emissions of greenhouse gases.
Fine siliceous material when added to SCC lead to similar properties of high-performance concrete (Clergue and Monachon, 1998) [7] , in term of increase the compactness and thus higher strength.
In general, the criteria of fluidity-stability is quite difficult to meet, by means of using admixtures, high levels of mineral additives or appropriate levels of sand and coarse aggregates, stability and fluidity are ensured [8, 9] . According to A. Tagnit-Hamou [10] , adding a quantity of a mineral powder in the concrete, reduces the sweating and segregation in the concrete.
The objective of this research is to analyze, on the basis of experimental tests, the effect of adding fines fired clay (the case of crushed brick) on the rheological and mechanical properties of mortar. In this context, it is proposed to identify the nature and physico-chemistry of the fines minerals, to determine their pouzzolanicity by mechanical tests and to study the influence of the addition on the rheological behavior and mechanical mortar's.
Materials
Materials used in this research are: 1) Cement CPJ CEM II/A-L 42.5 N is conform to EN 197-1 manufactured by Algerian Cement Company.
2) Three fractions of aggregates: Sand 0/3, G 3/8; G 8/15).
3) Waste crushed brick (WCB): produced by the brickyard of Bejaia, Algeria, and was ignited at 900˚C (<80 µm).
4) Silica fume (SF) produced by the Canadian company SKW.
5) Lime used in "study of pozzolanic effect" has been crushed and then sieved at 80 μm.
6) Superplasticizer (SP) Polynaphtalènes sulfone (PNS) base, with a Density: 1.22 (Color: Brown; active ingredient: 40%; PH: 7.5).
Chemical compositions of different materials are presented in Tables 1-3 .
The chemical analysis of the WCB (Table 2) shows that it contains a significant percentage in silica and Alumina. Hence it is categorized as aluminosilicates.
According to Figure 1 , XRD analysis confirms that amorphous phase is dominant with the presence of some crystalline elements such as quartz, calcite and dolomite.
Experimental Program

Evaluation of Mechanical Strength of Mortars
To assess the pozzolanic reaction of WCB, the pozzolanic activity index was calculated as follows: Ratio between the compressive strength of cement's mortars containing WCB and mortar without addition ( Table 4) . To perform the test,  Waste bricks were grounded to reduce size to 80 μm sieve.  WCB powders were used as an addition of 5% to 15% by weight of cement.  Chemical additive's mortar by superplasticizer at 2% of the weight of cement.  W/C of 0.4.  Sand fineness of 2.7 with a volume of sand/paste varies between 0.72 and 0.76.  The mortars were cast in the form of prismatic specimens 40 × 40 × 160 mm, kept under standard conditions.
Effect of the Addition of WCB on the Rheology of Cement Grout
Poly-naphtalene sulfonate polymers are the most used in recent years. They allow until 30% of water reduction [11] . The method of disposing of Marsh cone has been used in order to verify the cement-superplasticizer's compatibility and to determine the mix at the point of saturation.
This optimization is aimed also to assess changes in the fluidity of grout with addition of WCB after 1 h and 1 h 30 mn, this time is generally estimated for the delivery of concrete on construction sites. The trial has also highlighted the existence of critical addition ratio of superplasticizer that beyond this addition ratio no improvement of the rheology of the grout. This particular ratio is called dosing at saturation point, beyond that, we can see very quickly develop the segregation, sweating and delayed in setting.
Series A (S/P = 0.8) On parallel, the rheological behavior of the grout has been compared to that of cement control (without addition).
Optimization of Contents in Coarse
Aggregates, Sand, Binder
We use the sieve stability test for assessment and measurement of the segregation resistance of SCC mixes [15] . KHAYAT and YURUGI [12, 13] , consider that the content of coarse aggregates is one of the most important parameters in the optimization of SCC. They found that the filling capacity decreases with increasing of coarse aggregate content. Usually, we use the same volume of sand and gravel [14] .
Mechanical Performance
In order to study the influence of the use of WCB on the mechanical behavior of a SCC (compression and splitting tensile), three experiments has been performed ( Table 6) , 5% of SF, 5% of WCB and a third experiment without addition (control) with respect of the same composition SCC granular and same ratio Water/Binder (cement + additive).
In order to optimize the granular skeleton and to select an adequate combination of coarse aggregates which improves the setting and the deformability of the self compacting concrete, we study the effect of the variation between sand (S)/paste (P), using three combination granular. It is a mass combination of: 
Results and Discussion
Optimization of WCB Content
The pozzolanic activity index of mortar samples containing 10% or more of the WCB is lower than samples without the waste (control sample). This could be explained by the slow pozzolanic reaction. Because the higher the addition percentage of cement with the pozzolan, the greater the resistance of mortars obtained. Cements with pozzolanic additions have the advantage of providing increase of mortars resistance in the longterm (lasting mortars). This study aims to optimize the content of WCB, including the development of compression and flexural strength of these variants of mortars was monitored for 28 days of age.
According to the Figures 2 and 3 , it is found that the mortar specimens with 5% of WCB have contributed to better performance in terms of compressive strength and flexural strength compared to other variants.
Overall, the pozzolanic activity index of variants are above 0.9 and the variant of the mortar at 5% of WCB has results higher than 1 during the first 28 days ( Table  7) .
Heat of Hydration Measurement
Following this study (Figure 4) , it was found that the brick powder addition reduce heat of hydration compared to limestone addition. A decrease of 7.2% was recorded after 120 hours, whereas before 24 hours, heat of hydration is considered higher in brick powder added to clinker than the limestone, justified by the presence of aluminates. Figure 5 shows that flow time of a cement grout to the Marsh cone decreases with the increase of the content of superplasticizer until a certain proportioning, from which the time of flow of the grout remains constant or increases slightly.
Binder Optimization
This point of intersection of the two linear parts of the curve "point of saturation", i.e. the point from which, under the experimental conditions of measurement, any increase in proportioning while super plasticizer does not have any more significant effect on rheology of the grout. On the other hand, we notice that for a grout without WCB, the point of saturation of super plasticizer is 1.4% of the cement weight (in dry basis), the point of saturation while super plasticizer of a grout with WCB is 1.5% of the cement weight (in dry basis), with a reduction in flow time of 16% compared to that of a grout without WCB. 
Optimization of Coarse Aggregates Content, Sand, Paste
According to Table 8 , we find that the combination 1 (2/3 of G 3/8 and 1/3 of G 8/15) supported the best workability and deformability compared to the others combinations. It is noted that for a sand/paste ratio of 0.8, combination 1 has an improvement of flowability of 2.8% and 5.9% compared to those of combinations 2 (1/2 G 3/8 and 1/2 G 8/15) and 3 (1/3 of G 3/8 and 2/3 of G 8/15) respectively.
It is observed that the reduction of the volume of coarse aggregates and consequently the increase in the volume of mortar, contribute significantly to the improvement of the workability. This improvement is mainly due to reduction of coarse aggregate content G 8/15, because the increase in the volume of the coarse aggregates especially it inhibits the workability in the case of the crushed aggregates, where friction between the aggregates is important.
Concerning the effect of the variation of S/P ratio, on the plasticity of self compacting concretes, Table 6 shows that the formulations of series C (S/P = 0.67), supported the best plasticity and deformability compared to the formulations of series A (S/P = 0.8) and B (S/P = 0.75).
Variation of the sand/paste ratio from 0.75 to 0.67 is more effective for the improvement of fluidity, in the case of the low contents in coarse aggregates. On the other side this effect is reduced if we work with a high volume of coarse aggregates, this improvement is due to the increase in the volume of the cement paste, for the series C the cement content increased 13% and 19% compared to those of the series B and A respectively.
The reduction in the content of coarse aggregates and sand/paste ratio is accompanied by an increase in the volume of mortar and paste and consequently the content of cement. This increase in the cement content leads to elevation of concrete temperature because increasing of heat of hydration; it was therefore replaced by a portion of cement with an addition WCB to overcome the disadvantage of the presence of significant cement content in concrete.
We notice according to Table 8 , that the SCC with a sand/paste ratio of 0.67 supported the best stability and resistance to the segregation (2.5%) compared to those of the two others SCC, and that the SCC with S/P = 0.8 developed a critical stability and segregation rate exceeded 15%. This segregation is mainly due to the reduction in volume of paste compared to that of sand.
Mechanical Performance
The results of mechanical tests (compression and splitting tensile) carried out on SCC are indicated by the and splitting tensile strength of the SCC with WCB is similar to a SCC control (without addition).
However, the strength of SCC with silica fume has higher results than the other two variants of SCC.
Conclusions
The chemical analysis of the waste crushed bricks showed that it contains a significant percentage in silica and Alumina. Hence it is categorized as aluminosilicates. XRD analysis confirmed that amorphous phase is dominant with the presence of some crystalline elements such as quartz, calcite and dolomite.
Results obtained on mortars with additions of a filler from fired clay are encouraging.
First, it is noted that the use of 5% of waste crushed bricks in the mixture has strength greater than those of the reference mortar. Hydrated lime (Portlandite) formed during hydration of cement compounds reacts with the minerals additions rich in silicates and aluminates. Hydrated calcium aluminosilicates are responsible for this increase in resistance. This is the recovery of a waste product to provide a particularly powerful.
However, the addition of filler from fired clay in the composition of a self compacting concrete promotes improvement of the rheological performance (workability and stability of the mixture) and the mechanical (strength).
The reduction of sand/paste ratio from 0.8 to 0.67 achieved by the use of brick waste in the SCC composition allows obtaining the best rheological performances observed by the Abrams cone with low levels of segregation estimated by stability on sieve test.
Also, the mass composition of 2/3 of the granular fraction 3/8 and 1/3 of the granular fraction 8/15 has developed best rheological performance of SCC.
Finally, it is possible to say that the activation of white clay, with a high content of kaolinite, a cook at a temperature of 800˚C, is to form a metakaolin with properties of type pozzolanic reactivity are widely known.
This approach is currently under study and initial results are encouraging.
